The association between human papillomavirus type 16 (HPV16) and oral cancer has been widely reported. However, detecting anti-HPV antibodies in patient sera to determine risk for oral squamous cell carcinoma (OSCC) has not been well studied. In the present investigation, a total of 206 OSCC serum samples from the Malaysian Oral Cancer Database & Tissue Bank System, with 134 control serum samples, were analyzed by enzyme-linked immunosorbant assay (ELISA) to detect HPV16-specific IgG and IgM antibodies. In addition, nested PCR analysis using comprehensive consensus primers (PGMY09/11 and GP5 + /6 + ) was used to confirm the presence of HPV. Furthermore, we have evaluated the association of various additional causal factors (e.g., smoking, alcohol consumption, and betel quid chewing) in HPV-infected OSCC patients. Statistical analysis of the Malaysian population indicated that OSCC was more prevalent in female Indian patients that practices betel quid chewing. ELISA revealed that HPV16 IgG, which demonstrates past exposure, could be detected in 197 (95.6%) OSCC patients and HPV16-specific IgM was found in a total of 42 (20.4%) OSCC patients, indicating current exposure. Taken together, our study suggest that HPV infection may play a significant role in OSCC (OR: 13.6; 95% CI: 3.89-47.51) and HPV16-specific IgG and IgM antibodies could represent a significant indicator of risk factors in OSCC patients.
Introduction
Oral cancer is the sixth most prevalent malignancy worldwide, causing severe illness that leads to a significant death rate. The incidence of oral cancer varies from country to country or region to region, depending on personal habits, awareness and prevention strategies. In fact, when considering Peninsular Malaysia from 2003 to 2005, the National Cancer Registry (NCR) reported oral cancer as the 22nd and 15th most common cancer type among males and females, respectively [1] . Even with modern medical treatments, it has been estimated that the overall mortality rate for oral cancer remains high (approximately 50%) [2] . This cancer has been associated with various factors, with incidences rates linked to the use of tobacco, betel quid chewing, and alcohol consumption [3] . However, it has also been Ivyspring International Publisher reported that oral cancer may develop in the absence of exposure to these risk factors, but with other related factors including diet, ionizing radiation, genetic predisposition and viruses of the oral cavity (e.g., human papillomavirus [HPV]) [4, 5] . A fundamental pitfall with regard to the survival rate of OSCC patients is that, most cases are diagnosed in the advanced stage. In this regard, it is fundamental that assessments be developed for the easy identification of risk factors. For instance, in a recent study of proteomic analyses on sera from OSCC patients in Malaysia, researchers identified various biomarkers that can be used in the diagnosis and prognosis of OSCC [6] . In addition, since microbial detection probes are easily employed, cancer-associated microbs (e.g., HPV) could be used in the assessments/diagnosis of malignancies.
One of the reported risk factor of oral cancer is human papillomavirus (HPV). HPV can be classified into either low-risk or high risk sub-types based on their presence in malignant lesions. There are nearly 200 different HPV sub-types that have been reported. However, 20 of these HPV sub-types are known to be linked to cancer risk, and high risk types (e.g., 16, 18, 31, 33, 35, 39, 45 , 51, 52, 56, 58, 59 and 68) have been demonstrated to be involved in epithelial carcinogenesis [7, 8] . In fact, according to the International Agency for Research on Cancer, high-risk HPV (HR-HPV) types 16 is classified as the biological agent which is carcinogenic to humans, and is responsible for the development of various cancers such as uterine cervix cancer [9, 10] . High-risk HPVs have also been proposed as etiological factors for various head and neck squamous cell carcinomas (HNSCC), tonsillar cancers, and OSCC [9] , and these high-risk HPVs are reported to be most detected (59%) in the oral cavity cancer [11] . Apart from these, studies have shown, women with previous cervical HPV infection have higher oral HPV prevalence compared to the others [12] . In this respect, the majority of studies have focused on HPV16, as it is more significantly associated with oral cavity cancer [5, 13] . Due to the high incidence rates of HPV infections in oral cancers patients [14] , it is important to investigate the association of HPV with oral cancer. As previously mentioned, there exist various probes and antibodies that have been widely used for decades in the detection of cancer. In this study, the presence of antibodies against HPV is evaluated as a risk factor for OSCC.
In general, during human immune response to HPV, B cells detect the viral antigens and exhibit them to T helper type 2 cells, which in turn promote the production of high-affinity antibodies (immunoglobulin G, A and M [IgG, IgA and IgM]) against HPV antigens by B cells. Indeed, it has already been demonstrated that anti-HPV IgG could be measured by enzyme-linked immunosorbant assay (ELISA), representing a reliable marker for past HPV exposure [15] . Also, a study by Harro et al. [16] on HPV16 vaccination indicated that most vaccine recipients became seropositive with HPV16 IgM, which was typically detected 1 month after initial immunization. Thus, the presence of HPV16 IgM antibodies directly shows acute or current exposure of HPV. On the other hand, the presence of HPV16 IgG antibodies represents past exposure to HPV. Studies have shown that the median duration for HPV16 IgG was 3 years [17] . As indicated by Petter et al. [18] serological assays for HPV could help to identify those patients at risk of HPV-related cancers. In addition to antibody-based detection strategies, DNA sequencing or PCR method are also widely used in the detection of viral DNA of HPV in tissue samples [19] . Therefore, antibody-and DNA-based assays can complement each other for the reliable identification of HPV-infected patients.
In the present study, we have analyzed serum samples collected from OSCC from Malaysian Oral Cancer Database & Tissue Bank System (MOCDTBS) [20] at the Oral Cancer Research & Coordinating Centre (OCRCC), University of Malaya (UM). In particular, we have used indirect ELISA to measure HPV16-specific IgG and IgM antibodies in order to determine whether the presence of these HPV IgG and IgM antibodies could be used as an OSCC risk indicator. Moreover, nested PCR (nPCR) was used to validate the presence of specific HPV DNA sequences in OSCC samples using two different consensus primers from distinct regions of the HPV virus. To support our experimental evidences, data related to demographics and personal habits (tobacco smoking, alcohol consumption and betel quid chewing) that might be associated with HPV-infected OSCC patients were also collected and considered as causal factors.
Materials and Methods

Study Population and Sample Collection
A total of 206 OSCC sera samples collected by the MOCDTBS at OCRCC (UM) were used in our serological analyses. Also, genomic DNA samples from fresh frozen OSCC tissue corresponding to 84 of the 206 samples above were used for HPV detection and typing by nPCR. Sera from 134 healthy individuals were also analyzed as the control group. All samples were collected with informed consent before recruitment, and approval for the study was obtained from the Medical Ethics Committee for the Faculty of Dentistry, University of Malaya (ref no: DF DR1307/0077(U)). Due to the un-available record on the patients HPV vaccine immunization, all patients were considered to be HPV vaccine free since patients were diagnosed and recruited before the introduction of the HPV vaccine in Malaysia.
HPV Serological Analyses
IgG and IgM against HPV16 antigens were detected in patient sera using HPV16 antibody ELISA kits according to the manufacturer's protocols (Cusabio, Wuhan, China). These kits included microtiter plates that were pre-coated with HPV-specific antigens. Uniformly diluted serum samples were added to the microtiter wells and incubated for 30 min at 37°C. The wells were subsequently washed, and horseradish peroxidase (HRP)-conjugated anti-human IgG/IgM was added and incubated again for 30 min at 37°C. After thorough washing, 3,3',5,5' tetramethylbenzidine (TMB) substrate solution was added to each well, and the enzyme-substrate reaction was terminated by the addition of sulphuric acid solution. The color changes were then measured spectrophotometrically at 450 nm using a microplate reader (Tecan Infinite m200 Pro, Tecan Group Ltd., Mannedorf). The valence of HPV16 antibody (IgG or IgM) in the samples was detected through optical density (OD) based on the manufacturer's protocol. In this regard, the cutoff level for HPV16 seropositivity was determined according to the instructions provided by the manufacturer and the positive and negative control was provided with the kit.
HPV Detection Using Nested PCR
In order to perform a thorough and precise PCR analysis, OSCC DNA sample preparation, PCR reagent preparation/setup, and PCR product analysis were performed in three separate rooms using dedicated instruments. A total of 84 genomic DNA samples were obtained from the MOCDTBS. To exclude false negative results, the quality of the extracted DNA specimens was determined by analyzing 5 μL of each DNA sample in a PCR assay targeting a 268-bp region of the β-globin-specific gene using the following primers: PC04 and GH20 (Table 1) [21]. The PCR products were then visualized by 2% agarose gel electrophoresis. DNA amplification for HPV detection was then performed via nPCR on all of the β-globin-positive DNA samples.
To screen for the presence of HPV in the OSCC samples, we first used a primary PCR procedure with the L1 consensus PCR primer pools PGMY09/11 (primary PCR) and primer HMB01 (Table 1) targeting the 450-bp region. This procedure was based on previously described protocols [22] [23] [24] , which were modified and optimized. Briefly, 1 μL (30 -50 ng) of DNA sample was amplified with an equimolar mixture of the primers (i.e., PGMY09 and PGMY11; final concentration of 10 pmol for each). The DNA sample and primer mixture was complemented with an optimal concentration of PCR Buffer containing 2 mM MgCl2, PCR grade deoxyribonucleoside triphosphates / dNTP mix (10 mM of each nucleotide), 2U of FastStart Taq DNA Polymerase (Roche, Germany), and nuclease free water. Amplification was performed with an Applied Biosystems® Veriti® 96-Well Thermal Cycler (USA). The PCR cycling conditions for the consensus primers (PGMY09/11) were as follows: 95°C for 5 min (initial denaturing), followed by 40 cycles of 95°C for 1 min (denaturing), 60°C for 1 min (annealing), and 72°C for 1 min (elongation). This was followed by a final extension period of 10 min at 72°C and storage at 4°C. 
Primer Set
Primer Name 5'-3' sequence TTA AAC AAT GG  PGMY09-F  CGT CCC AAA GGA AAC TGA TC  PGMY09-G  CGA CCT AAA GGA AAC TGA TC  PGMY09-H  CGT CCA AAA GGA AAC TGA TC  PGMY09-I  G CCA AGG GGA AAC TGA TC  PGMY09-J  CGT CCC AAA GGA TAC TGA TC  PGMY09-K  CGT CCA AGG GGA TAC TGA TC  PGMY09-L  CGA CCT AAA GGG AAT TGA TC  PGMY09-M  CGA CCT AGT GGA AAT TGA TC  PGMY09-N  CGA CCA AGG GGA TAT TGA TC  PGMY09-P  G CCC AAC GGA AAC TGA TC  PGMY09-Q  CGA CCC AAG GGA AAC TGG TC  PGMY09-R  CGT CCT AAA GGA AAC TGG TC  HMB01  GCG ACC CAA TGC AAA TTG GT  GP5+/GP6+ GP5+  TTT GTT ACT GTG GTA GAT ACT AC  GP6+ GAA AAA TAA ACT GTA AAT CAT ATT C a PGMY09-I and PGMY09-P are 18 bp in length. The first two 59 bases were deleted to reduce the significant internal secondary structure of the oligonucleotide b HMB01 is shifted 39 from the downstream primer region of the other HPV genotypes to avoid secondary structure formation and internal priming.
The secondary PCR involved amplification of 1 μL of the primary PCR product using the general consensus primer GP5 + /6 + (Table 1) , which targets a 150-bp fragment based on modification of a previously described protocol [25] [26] [27] . The reagents, buffer, and instrument used in this PCR amplification were identical to that of the primary PCR protocol. The PCR cycling conditions for the consensus primers were as follows: 94°C for 120 s (initial denaturing); followed by 40 cycles of 94°C for 45 s (denaturing); 48°C for 4 s, 38°C for 30 s, 42°C for 5 s, 66°C for 5 s (annealing); and 71°C for 90 s (elongation). This was followed by a final extension period of 10 min at 72°C and storage at 4°C. All PCR analyses were performed along with a positive control (DNA from HPV-positive HeLa cells) [28] , and a non-template control was used to evaluate contamination and accuracy (negative control).
The PCR products for β-globin as well as the primary and secondary PCR reactions were electrophoresed for 35 min at 110V using 2% low melting point agarose gels (Vivantis Inc., USA) in 1X Tris-borate-EDTA (TBE) buffer. The gels were then stained with ethidium bromide, visualized, and photographed (MultiDoc-It Imaging System, UVP, Upland, CA). As a measure for quality control, HPV detection was randomly repeated on some samples and compared to the initial results.
Statistical Analysis
The association between risk factors and HPV were analyzed using SPSS 12.0.1. A p-value < 0.05 was considered to be statistically significant. Logistic regression was conducted to assess whether the predictors (i.e., HPV16 antibodies, gender, race, and age) were significantly associated with OSCC. The assumptions related to independent errors, multicollinearity, normality, nomoscedasticity, and outliers were checked and met.
Results
Patients Characteristics
This investigation included a total of 208 OSCC patients (cases) and 134 non-OSCC patients (control) with a mean age of 48.9±17.4. Notably, two patient samples were excluded from the study due to inadequate clinical and demographic information. Based on the patients socio-demographic profiles, female (67.0%) Indians (49.5%) shows the highest number of patients diagnosed with OSCC. Tobacco smoking, alcohol drinking and betel quid chewing are the most common risk habits in OSCC population. However, betel quid chewing (43.7%) remains the highest possible risk factor in the development of OSCC among the Malaysian population (Table 2) .
Serological Analysis
HPV seropositivity of OCSS patients and control was evaluated using an HPV16-specific ELISA assay to detect both Immunoglobulin G (IgG) and Immunoglobulin M (IgM). Based on these ELISA analysis, 197/206 OSCC patients and 89/134 control were positive for HPV IgG, whereas only 42/206 of OSCC patients were seen positive for HPV 16 IgM (Table 3) . 
Incidence Rate and Prediction of OSCC
To assess whether certain patients characteristic or variables could significantly predicts the likelihood of OSCC, a logistic regression analysis was employed. Based on these analyses, four independent variables (i.e. HPV 16 IgG, gender, race and age) were identified to make a unique statistically significant contribution in predicting the likelihood of OCSS (Table 4) . The logistic regression analysis identifies HPV 16 IgG as the strongest predictor, recording an odd ratio of 13.6, followed by female (gender) with the significant ratio of 4.01. In addition Indians (race) showed significant prediction to OSCC when compared with the other race in Malaysia. And lastly, the model predicts that the chances of OSCC were 1.15 times higher with every additional year of age.
HPV Detection Using Nested PCR
A total of 84 genomic DNA were used to detect the presence of HPV in the OSCC samples through nested PCR. The DNA samples used in this study were from the similar patients that were used in the serological assay. The quality of all the genomic samples was screened through PCR assay targeting β-globin-specific gene with the primers PC04 and GH20. All samples gave positive amplification to β-globin-specific gene and were further analyzed through nested PCR (nPCR).
Nested PCR using two general consensus PCR primers (PGMY09/11 and GP5 + /6 + ) was employed to validate the presence of HPV in the OSCC samples. The resulting PCR product was then further examined using agarose gel electrophoresis to determine the presence of near identical bands size to the expected band. Based on the gel electrophoresis, 8/84 DNA samples amplified with PGMY09/11 and 18/84 DNA sample tested with GP5 + /6 + were found positive (Table 5 ). 
Discussion
The presence of HPV antibodies indicates infection history, which can occur at various sites in the body, including the genitals and oral cavity. Studies have shown that HPV infection can develop into a malignant state within a certain number of years. In cervical cancer, CIN1 (low-grade lesions) which is a sign of an active HPV-infection, can develop within weeks to few months from HPV exposure and the development of CIN3 could take up to 9.4 years. Thus, it has been reported that cancer occurs after transformation of latently infected cells, which may even take decades to develop [22] . In a recent study by Kreimer and his colleagues [29] , the researchers suggested that HPV16 seropositivity was present in a patient's serum for more than a decade before oropharynx cancer was first diagnosed. Therefore, identifying HPV infection and understanding the role of HPV IgG and IgM antibodies might assist in the early detection of HPV-derived cancers. For this reason, the present study focuses on the serological screening of OSCC patient samples, which was further validated by nPCR and studied in the context of social demographic profiles in order to evaluate potential causal factors (Figure 1 ). 
HPV Serological Analyses
The ELISA test was developed in 1971 to evaluate the interactions between antibodies and antigens, and due to its simplicity and reliability, it has been widely use in the field of oncology [30] [31] [32] . Here, HPV seropositivity of OCSS patients was evaluated using an HPV16-specific ELISA assay. Notably, this HPV genotype is the most commonly associated with head and neck cancer. We used the ELISA assay to detect the presence of both IgG and IgM against HPV (i.e., past and current exposure to HPV, respectively). Based on these analyses, the number of patients with HPV16 IgG was observed to be significantly higher among OSCC patients (95.6%; n=197) and the control group (66.4%; n=89) compared to the number of IgM-positive patients (Table 3 ). This finding suggest that past exposure to HPV16 infection might contributed to the onset of OSCC, further supporting the hypothesis by Petter et al. [18] . Since HPV IgG serological response is an indicator of past HPV infection, the presence of HPV IgG may better represent the relationship of HPV and OSCC [33] [34] [35] [36] . Furthermore, among the 206 OSCC patients, 20.4% (n=42) displayed acute HPV16 infection, which was detected by the presence of HPV-specific IgM in the serum that was 5-fold less than patients with HPV IgG seropositivity. Taken together, this indicates that the role of past infection as a risk factor is predominantly higher in the Malaysian population
Regression Analysis and Prediction
Based on the above data, a logistic regression analysis was employed to assess whether certain patient characteristics (e.g., HPV16 IgG, gender, race, and age) could significantly predict the likelihood of OSCC (Table 4) . When all four variables were considered together, they significantly predicted the model (χ 2 = 254.3, df = 7; N = 340; p <0.001), indicating that the model was capable of distinguishing the likelihood of OSCC. Indeed, the model as a whole explained between 56.1% (Cox and Snell R-square) and 77.4% (Nagelkerke R-square) of the variance and correctly classified 90.6% of the cases. As shown in Table 4 , four independent variables were found to make a uniquely significant contribution to the model, which includes HPV16 IgG, gender, race, and age. However, the strongest predictor in the model was HPV16 IgG, recording an odds ratio of 13.6. This indicates that, based on our data the patients who are positive for HPV16 IgG is 13.6 times more likely to have OSCC when controlling for all other factors in the model. Moreover, our results further emphasized the relationship between HPV seropositivity and OSCC, confirming previous reports [36, 37] . As for gender, females were about four times more likely to have OSCC compared to males (OR=4.01) a findings consistent with the previous study [38] . However, studies have shown that the incidence rates of oral cancer are low among women in several countries because of the differences in lifestyle behaviors between genders [39] . Race also showed significant predictive value for OSCC, with Indians used as the reference due to their high prevalence of OSCC. In this respect, logistic regression predicted that Malays were approximately 1/10 as likely to have OSCC and Chinese were about 1/5 as likely to have OSCC when compared to the Indian population. Suggesting that Malays and Chinese are less likely to have OSCC compared to Indians. In addition, our analysis indicated that the chance of having OSCC was 1.15 times higher with every additional year of age (OR=1.15). Although, oral cancer has been commonly reported in middle-aged and older age group, the occurrence in younger adults has been documented in the recent years [40] . Furthermore, studies have shown that HPV-related OSCC were diagnosed at younger age and the prevalence becomes higher as the age increases [41, 42] . Taken together, the detection of HPV IgG antibodies in the majority of OSCC patient samples (95.6%) suggested that the presence of IgG antibody (OR: 13.59; 95% CI: 3.89-47.51) could be a valuable predictor of OSCC risk. Thus, HPV-specific IgG antibody could function as a surrogate marker for oral carcinogenesis [33] potentially contributing to prevention strategies and/or early diagnosis of OSCC.
Selective Amplification of HPV Sequence by Nested PCR
Current technologies (e.g., in situ hybridization, PCR, and DNA sequencing) are widely used to detect viral DNA/RNA transcripts [19, 43] and to diagnose HPV infection. Nested PCR represents a modified method among the conventional PCR techniques, which are employed to obtain specific amplifications. Thus, to confirm the presence of HPV in our samples, we also performed nPCR on a total of 84 genomic OSCC DNA specimens. In this regard, the genomic DNA samples used in the nPCR were from the same patients analyzed in the serological assay. Notably, the genomic samples were screened in a PCR assay targeting a 268-bp region of the β-globin-specific gene using PC04 and GH20 primers in order to exclude false negative results and to verify the quality of the extracted DNA. All of the samples gave positive results in this β-globin-specific assay and were further analyzed by nPCR.
To further validate the presence of HPV in the OSCC samples used in the serological assay, nPCR using two general consensus PCR primers was performed. The nPCR was first conducted using highly sensitive HPV PGMY09/11 primers (primary PCR), which is the most recent version of MY09/MY11 [22] . This was followed by amplification with GP5 + /6 + primers (secondary PCR) using 1 μL of the PCR product from the primary reaction. Agarose gel electrophoresis was then carried out to visualize the corresponding PCR products (Figure 2 ). Based on the HPV nPCR analysis, 8/84 (9.5%) OSCC samples were found to be positive using the PGMY09/11 primers (primary PCR), whereas 18/84 (21.4%) samples were observed to be positive with the PGMY09/11 and GP5 + /6 + primer set (secondary PCR) (Table 5) . Thus, our overall HPV detection rate was 28.6% in OSCC using both PGMY09/11 and nested GP5 + /6 + primers, which is in line with the rate (22.8%) reported in a previous study by Yang et al. [44] . Nested PCR using the combined PGMY09/11 and GP5 + /6 + primer set was able to detect a higher frequency of HPV-positive samples than the primary PCR. This is because nPCR displays a higher sensitivity for detecting HPV compared to one-step PCR [45] . Nevertheless, the chances of obtaining a false negative result with this method should not be ruled out, which could be due to the fact that oral samples may produce weaker PCR products when compared to HPV-positive cervical specimens [46] . However, based on our findings, the detection of HPV antibodies was not in strict concordance with HPV DNA results. This is because antibody responses (mainly IgG) give a general indication of past exposure, whereas HPV DNA detection reflects on the current presences of HPV in the cancer tissue. 
Social Habits of OSCC Patients
In order to understand the impact of social habits on the development of OSCC and its influence on the association of HPV16 with OSCC within the OSCC patient cohort, the socio-demographic profile of our OSCC population was collected. Based on our data, the following social habits of patients represented the most common risk factors related to the development of OSCC: tobacco smoking, alcohol drinking and betel quid chewing. However, betel quid chewing remains to be the highest possible risk factor for the development of OSCC among the Malaysian population. In addition, female (67.0%) Indians (49.5%) were the most commonly diagnosed with OSCC when compared to the other two major populations in Malaysia (i.e., Malay and Chinese). This may be related to the predominant personal habits of the female Indian population, such as betel quid chewing [38] . As discussed above, the interaction between gender, race, and HPV infection showed a noticeable impact on the odds of OSCC when both risk factors was present. Whether there is any relationship between these aspects and other social habits with regard to the presence of HPV and the development of OSCC remains unclear. Thus, additional studies are needed to fully understand the influence of these factors.
Conclusion
In summary, we were able to detect the presence of HPV16-specific IgG and IgM antibodies in the sera of OSCC patients, supporting previous reports that HPV16 infection is most likely to be involved in the development of OSCC. Furthermore, our findings indicate that patients with past exposure to HPV infection are at higher risk for OSCC. Importantly, this suggests that HPV antibody detection could be used as a significant indicator of OSCC risk. Therefore, screening for prior HPV infection may help in the prevention and/or early diagnosis of OSCC. Notably, we also confirmed our results by DNA amplification procedures, such as nPCR. However, the high number of control samples with seropositivity for HPV IgG, as well as the overlapping in positivity for IgG and IgM in sera, suggested that antibody detection may be useful for initial screening of a vast number of samples, followed by further comprehensive analyses to validate the results. 
